Background: The overexpression of interferon (IFN)c or interleukin (IL)-13 in the adult murine lung induces the development of changes that mirror human lung emphysema. Methods: IL-13 and IFNc expression was determined in lung samples from five groups of patients: severe emphysema without a 1 -antitrypsin deficiency (SE+, n = 10); severe emphysema with a 1 -antitrypsin deficiency (SE2, n = 5); mild localised emphysema (ME, n = 8); non-emphysema smokers (NE-S, n = 9), and non-emphysema non-smokers (NE-NS, n = 11). Lung IL-13 and IFNc mRNA were analysed by RT-PCR. Lung concentrations of IL-13 protein were assessed by ELISA. Results: The expression of IFNc mRNA was similar in patients with or without emphysema. IL-13 mRNA was markedly decreased in the SE+ group compared with the SE2 (p = 0.04), ME (p = 0.02), and nonemphysema groups (p = 0.01). IL-13 mRNA correlated with forced expiratory volume in 1 second (r = 0.5, p = 0.04) and arterial oxygen tension (r = 0.45, p = 0.03) in emphysema patients. In contrast to the nonemphysematous lung, IL-13 protein was below the detection limit of the assay in most emphysematous lung homogenates.
mphysema is a major component of the morbidity and mortality in chronic obstructive pulmonary disease (COPD) and represents an increasing health problem. 1 Lung emphysema is defined pathologically by abnormal permanent enlargement of the air spaces distal to the terminal bronchiole accompanied by destruction of alveolar walls. Emphysema is a heterogeneous disease with regard to the degree of alveolar loss, the pattern of localisation in the lung, and the predisposing factors involved in its pathogenesis.
Although chronic cigarette smoking is the most important risk factor for emphysema, little is known about the mechanisms leading to alveolar destruction. The association of panacinar emphysema and a hereditary deficiency of a 1 -antitrypsin led to the development of the protease/ antiprotease hypothesis. 2 3 Cigarette smoking may induce emphysema by stimulating neutrophils and alveolar macrophages to produce proteases within the lungs leading to a protease/antiprotease imbalance. 4 5 The role of T lymphocytes has more recently been highlighted. 2 6 Increased susceptibility to emphysema was reported in inflammatory lung diseases characterised by the accumulation of activated T lymphocytes, such as AIDS and farmer's lung. 7 8 Recently, targeted overexpression in the adult murine lungs of either interferon c (IFNc) or interleukin 13 (IL-13), both cytokines produced by T lymphocytes and macrophages, has been shown to induce the development of changes that mirror human lung emphysema. 9 10 IL-13 or IFNc overexpression was associated with alveolar inflammation, increased lung volume, and a local imbalance in the protease/antiprotease expression.
These results led us to hypothesise that the overexpression of IL-13 and/or IFNc could contribute to the pathogenesis of human lung emphysema. To our knowledge, the involvement of these cytokines in human emphysema has never been investigated. A study was therefore undertaken to evaluate the pulmonary expression of IL-13 and IFNc in lung samples from patients with and without emphysema, according to their smoking status.
METHODS

Patients
Lung samples were obtained during surgery in adult patients (.18 years) from Beaujon University Hospital (Clichy, France) and Bichat-Claude Bernard University Hospital (Paris, France). Plasma concentration and a 1 -antitrypsin genotype were documented in all patients for the diagnosis of a 1 -antitrypsin deficiency.
Patients with lung emphysema
Twenty three patients with emphysema defined radiographically were included. All were active or ex-smokers (table 1) . CT scans and pulmonary function tests were systematically documented. Eight patients were considered to have mild emphysema (ME) on the basis of localised emphysematous lesions on the CT scan and small changes in pulmonary function tests (table 2) . They underwent either bullectomy (n = 5) or lobectomy (n = 3). No a 1 -antitrypsin deficiency was found in the ME group.
Fifteen patients had severe emphysema (SE), requiring surgery for lung transplantation (n = 4) or lung volume reduction (n = 11). Pulmonary function tests showed severe airflow obstruction and lung distension (table 2). The SE patients were classified into two groups: (1) those with severe emphysema with a 1 -antitrypsin deficiency (SE2 group, n = 5, low a 1 -antitrypsin plasma concentration (range 0.25-0.8 g/l) and PI*ZZ genotype) and (2) those with severe emphysema without a 1 -antitrypsin deficiency (SE+ group, n = 10). One patient in the SE+ group was a current smoker. Patients with a 1 -antitrypsin deficiency had lower cumulative tobacco exposure than those without a 1 -antitrypsin deficiency and ME patients (table 1). They also stopped smoking earlier in the course of the disease than patients with ME. Tissue samples were taken from the resected parenchyma in a macroscopically emphysematous region. Twelve patients with emphysema were receiving corticosteroids, either oral (two in SE+ group) or inhaled (n = 10; six in SE+ group, three in SE2 group, one in ME group). No patient had asthma and one had seasonal rhinitis.
Non-emphysema patients
Normal tissue was obtained from 20 non-emphysema patients. Nine patients were smokers (non-emphysema smoker group, NE-S) and 11 were non-smokers (nonemphysema non-smoker group, NE-NS). NE-S patients were undergoing surgery for the resection of a localised primary lung carcinoma (n = 8) or a benign lesion (n = 1). NE-NS patients were undergoing surgery for the resection of a localised primary lung carcinoma (n = 6), lung metastases (n = 2), or a benign lesion (n = 3). Tissue samples were taken at a site distant from the pathological process and without macroscopic or microscopic evidence of emphysema. NE-S patients had mild to moderate changes in pulmonary functions tests (table 2) . Two patients in the NE-S group received inhaled corticosteroids. No significant difference was observed between NE-S, ME and SE+ groups for cumulative tobacco exposure (table 1). No patient had asthma and one had seasonal rhinitis. No difference was observed between groups for age and sex ratio (table 1).
Processing of lung samples
Histological characterisation of the underlying processes was performed to check the features of emphysematous or normal lungs. Lung samples (about 0.2 cm 3 ) were immediately frozen in liquid nitrogen and stored at 280˚C until RNA or protein analysis and histological evaluation.
Isolation of RNA and cDNA synthesis
To extract total RNA from the lung, 100 mg of frozen lung tissue was homogenised in 1 ml TRIzol reagent (Invitrogen, Cergy Pontoise, France) with Ultra-Turrax T25 (Ika Works, Staufen, Germany) according to the manufacturer's procedure. One mg of total RNA was reverse transcribed in a thermocycler (Uno II, Biometra, Voisins le Bretonneux, France) with superscript II reverse transcriptase (Invitrogen), 20 mM of each desoxyribonucleoside triphosphate (dNTP) and 50 U random hexanucleotides primers (Invitrogen) for 1 hour at 42˚C. The reaction was stopped by heating at 95˚C for 4 minutes and samples (final volume 20 ml) were stored at 280˚C until amplification.
Quantification of cDNAs
Each sample was analysed for the expression of IL-13, IFNc, and porphobilinogen desaminase (PBGD) as a housekeeping gene. 11 For amplification of cDNAs, reaction mixtures (final volume 25 ml) contained: MgCl 2 (1.5 mM for IL-13, PBGD, and 0.5 mM for IFNc); 6% formamide only for IL-13, and PBGD; 200 mM of each dNTP; 12 pmol of each specific oligonucleotide primer pair (table 3) , and cDNA. This mixture was heated at 94˚C for 5 minutes, then 2.5 U Taq Polymerase (Roche Diagnostics, Meylan, France) was added. PCR was performed as follows: denaturation, 94˚C for 30 seconds; annealing, 60˚C (for PBGD) or 55˚C (IL-13, IFNc) for 30 seconds; extension, 72˚C for 40 seconds. For each gene we checked that the amplification process was performed during the exponential phase of the replication (34 cycles for IL-13, 35 for IFNc and PBGD) and that we could detect proportional signal intensity on serial dilutions of mRNA from lung homogenates. Negative controls were included in all experiments and always gave negative results. Amplification products were analysed by electrophoresis and visualised by ethidium bromide staining. The size of the amplification products was 159, 130 and 338 bp for IL-13, IFNc, and PBGD, respectively. The specificity of the amplified sequence was checked using restriction enzymes (Ozyme Biolabs, Saint Quentin en Yvelines, France) MboI, Fnu4HI, respectively, for IL-13 and IFNc. The signal intensity of each amplified product was quantified under ultraviolet light with a charge coupled device (CCD) camera using an image analyser (Gel-Analyst, Iconix, Santa Monica, CA, USA). The expression of IL-13 and IFNc mRNA was expressed for each sample as the ratio of the PBGD gene. This method allowed for a semi-quantitative analysis of the RT-PCR. All steps in the procedure (reverse transcription, amplification, quantification) were performed in the same run for the 43 samples (23 patients with emphysema and 20 non-emphysema patients), blinded to diagnosis.
IL-13 concentration in lung homogenates 100 mg of lung samples were homogenised with 0.5 ml PBS containing 200 mM phenylmethylsulfonyl fluoride, 1 mg/ml leupeptin, and 1 mg/ml aprotinin. The homogenates were centrifuged at 10 000g for 10 minutes at 4˚C to remove tissue fragments and the supernatants were collected and stored at 280˚C. IL-13 protein was measured in lung homogenates (Quantikine, RD Systems, Abingdon, UK; detection limit 60 pg/ml, intra-assay coefficient of variation ,6%, interassay ,10%) from 30 out of 43 patients when enough lung sample was available (7 SE+, 2 SE2, 6 ME, 6 NE-S, 9 NE-NS).
In order to exclude matrix artefacts caused by interfering substances in lung homogenates, we serially diluted lung samples and confirmed the linearity of the response. In preliminary experiments we checked that the preparation of lung homogenates did not alter IL-13. Three emphysematous lung samples were spiked with recombinant human IL-13, incubated for 1 hour at room temperature, and analysed by ELISA. We confirmed that recombinant IL-13 was not modified by this treatment.
Statistical analysis
Data were analysed by Statview software (Abacus Concepts Inc) and are shown as mean (SD) values. Between group differences were first assessed by non-parametric analysis of variance (Kruskal-Wallis test). In the case of global significant difference between two groups, comparisons were assessed by the non-parametric Mann-Whitney U test. Correlations were assessed by the Spearman's rank order test and categorical data were analysed using the x 2 test. A p value of ,0.05 was considered significant.
The study was approved by the local ethical committee.
RESULTS
Lung IFNc mRNA expression
IFNc was detected in the lungs of all the patients and considerable variability was observed in the transcript levels in patients both with and without emphysema (fig 1) . No difference was observed according to the presence or severity of emphysema, a 1 -AT deficiency, and smoking status. There was no correlation with age, cumulative tobacco exposure, period since smoking cessation, use of inhaled corticosteroids, pulmonary function tests, and arterial blood gases in any group.
Lung IL-13 mRNA expression IL-13 mRNA expression was significantly different between the groups as assessed by the Kruskal-Wallis test (p = 0.02). Lung IL-13 mRNA levels were low or undetectable in all patients in the SE+ group (fig 2) . The mean value was significantly lower in SE+ patients than in all other groups (p = 0.04 v SE2; p = 0.02 v ME; p = 0.01 v NE-S; p = 0.01 v NE-NS). IL-13 mRNA levels in ME and SE2 patients did not differ significantly from non-emphysema patients. IL-13 mRNA levels did not differ between non-emphysema smokers (NE-S) and non-smokers (NE-NS). No correlation was found between IL-13 mRNA and age, period since smoking cessation, use of inhaled corticosteroids, or body mass index (BMI). There was no correlation with cumulative IL-13 protein concentration in lung homogenates IL-13 protein was measured in lung homogenates (fig 3) . The proportion of samples with undetectable IL-13 was compared in patients with and without emphysema (x 2 test). IL-13 concentrations were below the detection limit of the assay in 11 of 15 emphysema samples and in four of 15 nonemphysema samples (p = 0.01).
DISCUSSION
The main results of our study are that (1) the expression of IFNc mRNA is similar in emphysematous and non-emphysematous lungs and (2) the expression of IL-13 mRNA in the human lung is reduced in patients with severe emphysema without a 1 -AT deficiency and is associated with the absence of detectable IL-13 protein in most emphysematous lung homogenates.
To our knowledge, IFNc mRNA expression has never been studied in human emphysema. Since the overexpression of IFNc in the murine lung induces changes that mimic emphysema, 9 we hypothesised that increased lung expression of IFNc might be related to the presence and severity of emphysema in humans. However, we found no difference in IFNc mRNA expression between patients with or without emphysema. As IFNc mRNA levels were not different in mild and severe emphysema, our results do not suggest the involvement of IFNc in the initial phase of the condition. We further attempted to measure IFNc protein in lung homogenates but, unfortunately, we obtained non-reproducible results using a commercially available ELISA.
We show for the first time that lung IL-13 mRNA and protein content are significantly decreased in patients with severe emphysema. These results were unexpected in view of the murine model of IL-13 overexpression. Zheng et al 10 have shown that IL-13 overexpression in the adult murine lung causes alterations with air space enlargement that mirror human lung emphysema. In that model the inactivation of either MMP-9 or MMP-12 genes inhibited the development of emphysema. 12 However, this animal model does not strictly reproduce human tobacco induced emphysema. For example, IL-13 overexpression induces the fast development of emphysema (within 7 days), a time course very different from the slow development of emphysema in humans.
Our data suggest that lung IL-13 expression in patients with emphysema was not directly related to tobacco exposure. Indeed, lung IL-13 mRNA and protein levels were similar in the NE-S and NE-NS groups, and the cumulative tobacco exposure was similar in the SE+, ME, and NE-S groups despite different levels of lung IL-13 mRNA. IL-13 mRNA levels were higher in patients with a 1 -AT deficiency (SE2 group) than in those without a 1 -AT deficiency (SE+ group). This could be related to a different pathophysiology, although we cannot speculate further. 13 It is well known that emphysema affects different lung regions to a varying extent. In our study only one tissue sample from surgically resected material was available for examination for each patient, so the cytokine expression may reflect regional disease activity. Moreover, biopsies from ME patients were obtained either from bullectomy or lobectomy where histological lesions may be different. Lung biopsy specimens from patients with severe emphysema had no features of end stage fibrosis. Hancock et al 14 have shown that lung IL-13 mRNA levels are increased in patients with lung fibrosis. We assessed IL-13 mRNA expression in biopsy specimens of lung fibrosis. As previously described, 14 IL-13 mRNA levels were similar or higher in lung fibrosis than in non-emphysema patients (data not shown). This result suggests that decreased IL-13 expression is a specific characteristic of severe emphysema. Because the patients could only be evaluated at one time point in the course of their disease, we chose to include age matched patients with different degrees of emphysema: severe emphysema, mild emphysema, and smokers without CT evidence of emphysema. This allowed the study of less extensive disease and the differentiation between emphysema related and tobacco related events.
What is the mechanism for the decreased expression of IL-13 in severe emphysema? IL-13 is produced mainly by CD4+ and CD8+ activated T cells. 15 Recent studies have shown a dramatic increase in all cell types including T lymphocytes in the lungs during severe emphysema. 16 Taken together with our results, this suggests that IL-13 expression in lung T lymphocytes is dramatically reduced in severe emphysema. It has recently been reported that the development of emphysema in TNFa transgenic mice was associated with a lung Th1 phenotype, 17 and that human subjects with COPD were characterised by Th1-like immune response of peripheral blood CD4+ T cells. 18 Reduced IL-13 expression with unchanged expression of IFNc might therefore be explained by differentiation of lymphocytes towards a Th1 phenotype. Alternatively, alveolar macrophages are possible cell sources of IL-13 in the lung, 14 but it is unknown whether IL-13 production by alveolar macrophages is reduced in emphysema.
We found that IL-13 expression was positively correlated with pulmonary function. IL-13 mRNA correlated with lung distension (RV), airway obstruction (FEV 1 and FEV 1 /FVC) and impaired gas exchange (PaO 2 ). These results confirm the link between IL-13 expression and the severity of emphysema. The proportion of samples with undetectable IL-13 was significantly higher in patients with emphysema than in those with no emphysema (p = 0.01, x 2 test). SE+, severe emphysema without a 1 -AT deficiency, SE2, severe emphysema with a 2 -AT deficiency; ME, mild emphysema; NE-S and NE-NS, nonemphysema smokers and non-smokers.
Interestingly, some studies have evaluated the link between IL-13 gene polymorphisms and COPD. A higher frequency of the -1055T IL-13 promoter polymorphism has been reported in COPD than in smokers with normal lung function, but the effect of this polymorphism on IL-13 expression is not yet known. 19 He and colleagues 20 have evaluated five different polymorphisms in the IL-13 or IL-13 receptor genes and none was associated with a rapid decline in lung function in smokers.
A number of published papers support the hypothesis of a protective role for IL-13 against the development of emphysema in the lung: (1) IL-13 has a beneficial effect on the protease/antiprotease imbalance in different models; 15 21 22 (2) IL-13 mediates anti-oxidant effects through the activation of heme oxygenase; 23 (3) IL-13 has anti-apoptotic properties on epithelial and endothelial cells, 23 a key event in the development of emphysema; 24-27 (4) IL-13, as opposed to IFNc and tumour necrosis factor a (TNFa), increases fibroblast growth and collagen synthesis; (5) IL-13 is also a potent inducer and activator of transforming growth factor (TGF) b 1 , a main modulator of lung remodelling and repair 28 involved in the physiopathology of emphysema in mice. 29 30 Thus, reduced IL-13 production in smokers could favour protease imbalance, oxidant injury, apoptosis, and alveolar defective repair, finally contributing to the development of emphysema.
We conclude that severe emphysema is associated with decreased lung IL-13 mRNA and protein content. Further studies are required to determine whether IL-13 is decreased earlier in the course of the disease and whether low IL-13 production is a risk factor for emphysema development.
